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BLKTIOSTATIC  BlCITIBIilTT  OP  FLOIII6  ODST/lIB  RIXTOBBS 
B.  Sack,  KDT,  Fralbecg* 

[FOOTBOTB:  • Bng.  Radolf  Sack  is  a groap  leader  technician  in  the 
safatf  engiaearing  departacnt  of  the  ?bb  Cheaical  coabine  Bitterfeld.  | 
BBD  FCOTIOTB] 

The  TBB  Cheaical  Coabine  Bitterfeld,  along  other  things,  is 
•orkiag  on  safety  engineering  probleas  of  the  electrostatic 
excitability  of  floving  dost/air  aixtares.  The  first  results  have 
been  published  in  the  paper,  "Blectrostatic  Excitability  of  Ousts," 
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For  vhirled-up  dusts  and  dusts  which  slide  along  the  walls  the 
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labocatocy  rasaXts  vera  tcansfarabla  to  practical  conditions;  this 
was  not  possibla,  hovavar,  for  floning  dnnt/air  niztaras.  First  of 
all  tha  folloviag  qnaationa  bad  to  ba  clarified: 

■*  ihat  is  tha  dapandaaca  bataaaa  tha  charging  current « 
raspactiaaly,  tha  ascass  charge  and  tha  tnbe  length? 

- >hat  are  tha  cansas  for  tha  nnazpactad  shape  of  the  charging 

carves? 

- Ihat  is  tha  relationship  batnaan  the  excess  charge  and  the 
toba  dlaaatar? 

For  ansvaring  tha  first  tno  gvastions  a section  of  tubing  vas 
ccnstrnctad  nith  a length  of  I aatars  and  vhich  consisted  of 
iadividual  piacas  of  tubing*  fasts  vara  conducted  in  the  tube  with 
loose  aatarials. 

Tba  third  gaastioa  conld  ba  clarified  vithont  sapplenentary 

axparlaaatal  tests. 

The  aav  flov  agaipnaat  ahich  differs  fron  that  described  in  [ 1 ] 
consisted  of  tha  air  storage,  dosing  apparatus,  the  a-n  long  exciter 
tube  and  the  dast  catcher.  The  air  storage  and  accessories  renained 
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«DdiaiA9«4.  Tk«  dosiag  appaE«tas«  lioMv«£«  «as  changed  so  that  the 
looae  aatacial  to  be  stadied  vas  dlstrihated  throogh  the  intake  pipe 
iato  the  air  nossle.  Thus  aore  precise  dosing  was  possible. 

The  S'-a  loag  esciter  tube  was  coaposed  of  12  pieces  of  tube  with 
the  follosiag  lengths:  5,  5,  10,  10,  20  cm  and  7 sections  of  tube, 
each  50  ea  long.  All  tabing  pieces  were  copper  and  had  an  inner 
^iAoater  o£  3A  aa.  They  were  put  together  with  PTC  sleeves.  The 
charges  arising  in  the  dost  coold  be  acasored  on  each  piece  of 
tahlag.  The  dost  catcher  reaained  unchanged. 

The  design  of  the  test  setup  is  shown  scheaatically  in  Fig.  1. 
All  pieces  of  tubing  were  electrostatically  insulated  frow  each  other 
and  froa  the  ground,  10**  Q. 

The  tests  were  conducted  with  powdered  guartx  and  granulated 
PTC.  The  granulated  p?C  was  sieved  and  divided  into  the  following 
fractions: 

Grain  sise  > 1.0  an,  1.0-0.03  aa,  0.03-0.5  an  aad  <0.5  nw. 

la  all  test  runs  the  air  speeds  were  either  <10.5,  33,  22.5  or  n 

The  added  guaatities  of  naterial  had  a voloae  of  1.5,  3,  6 or  9 

ca*. 
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la  •vary  tast  tha  flow  tiaa  of  the  air  was  1.6  s.  The  determined 


coarartad  iato  the  charging  current  2^  in 


A or  iato  tha  spacific  azcaas  charga  q ia  la/g. 


TBSt  IBSOLTS 


Pig.  2 shoes  the  chargiag  curves  for  ycedeted  quartz  (specific 
ascass  charga  q in  As/g)  aith  v « 22.5  a/s  and  for  various  dust 
coacantratioas.  Proa  tha  charging  curves  the  origination  of  the 
charga  vith  raspact  to  tha  charga  siae  and  polarity  can  be  followed 
aaactly.  Charging  curvas  uith  approxiaataly  the  saae  shape  resulted 
during  all  othar  invastigatad  air  spaads. 

If  oaa  plots  tha  chargiag  currant  as  a function  of  the  dust 
coaceatration  one  chtains  chargiag  curves  in  accordance  with  Fig.  3. 

Pig.  4 shows  tha  dapandanca  of  tha  charging  currant  on  the  flow 
•pa ad  of  tha  air.  Pigs.  5>8  show  tha  charging  curves  (specific  excess 
charga  q ia  AV4  tha  various  grain  fractions  of  the  granulated 
PPC.  Thay  show  tha  valuas  of  tha  spacific  aicass  charges  on  the 
individual  pieces  of  tubing  and  how  tha  irregular  shape  of  the 
chargiag  curvas  ariaaa.  la  order  to  liait  test  expenditure  only  a 
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Fig.  1.  OiAgcaa  of  tlio  tost  s«t«p  for  f loving  dost/aic  airtaces;  a) 
ait  atoraga*  b|  air  aozsla;  c)  oicitor  taba;  d)  dost  catcher;  e)  dust 

iapot. 


»*  Hortns  I>o.d.nd  ,..rtv.ir 

» - 2».S  ./.,  t,*,:  c.  3,-„  ai««,r:  .)  p«.«t.t:  auat 
eoacMtntin  <:^  i »)  « atacrn*  on  tadipiauai  tape  aactloas  for  t 
••  !/■••  1(01:  1|  Tab#  laagth.)) 
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rig.  3.  Ckargiag  corcant  of  flowiag  povdeced  guactz/aic  mixtures  with 
vacioas  daat  coBcaatratioas;  paraaatar:  v;  constant;  tube 

laagtk  « • a;  taba:  Ca,  3«-aa  diaaatar. 
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Fig*  %•  Loadiag  cocrcnt  of  flowing  powdwced  quartz/alc  nixtures  with 
watlows  flow  vwlocitlow;  S paranotwr:  ; constant;  tube 

longtli  « « ■:  twiios  Cw«  3«-nn  dianotor. 


fig*  5*  Spocific  ozcoos  ckargos  of  flowing  granulated  PVC,  grain  size 
< 0.5  aas  g ■ f |tubo  laagth};  constant:  w « 22.5  a/s;  tube:  cu,  3W-wi 
diaaotor;  a)  paraaetor:  dast  concoatcation  : b)  g discrete  on  the 
iadiwldaal  tab#  sacUoas  for  .<CK>f:  length.)) 
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t«b«  length  of  ISO  ca  vas  aaaaocad. 


BTALOATIOR  OP  THE  TEST  BESOLTS 

Tha  size  of  tho  apecific  azceas  charges  of  the  loose  aatecial 
dariag  paaaaatlc  tcaaaport  la  dateraiaed  aainly  by  tha  intensity  and 
tha  aaabac  of  coat acta  of  tha  doat  particles  eith  the  tube  wall.  The 
looaa  aatarial  ahlch  la  strongly  ahirled  op  in  the  nozzle 
traasportad  through  tha  tuba  and  initially  aakes  frequent  contact 
with  tha  tuba  vail.  After  a certain  distance  the  particles  contact 
the  tuba  vail  iacraasiagly  lass  frequently  and  the  ezcess  charge 
bacoaaa  lass  par  unit  of  tuba  length. 

As  can  be  seen  fron  Pigs.  2,  5 and  6 the  polarity  of  the  excess 
charge  of  strongly  turbulent  floaiag  Iceae  aaterial/air  aixtures  and 
of  approziaataly  laninar  flooa  of  tha  saae  aixtures  can  be  opposite. 
Tharafora  tha  charging  curves  acquire  an  irregular  shape. 

la  tha  case  of  povdarad  quarts  |Pig«  2)  the  largest  negative 
aaoass  charges  occur  in  tha  first  10  cn  of  the  tube.  Afterwards, 
positive  ascass  charges  are  foraad.  Tha  largest  value  of  excess 

charge  is  aaasarad  at  10  ca. 


i 


After  100  ca  tha  total  ascass  charge  changes  only  slightly  and 


fl9.  «.  Sp«:itic  .,css  ch.C9M  ot  no.in,  ,r.n»lated  P»c,  grain  nin* 
tco,  0.5-O.S5  9 . i constant:  , . 22.5  n/s,  tuba: 

Co,  3«-nn  dianatac;  a)  pacaaatac:  dost  coneantcatlon  j b)  g 
dlncrata  on  tba  Indlndual  toba  sactiona  tot  TlKBI:  t)  Tuba 


Figm  7.  Spacific  •Mcmmm  ckmtgmm  of  flowing  granulated  PVC,  grain  size 
froa  1.0*0.63  aa;  q « f |tub«  langtli) ; constant:  ▼ = 22.5  a/s;  tube: 


Co,  3«*aa  diaaatac;  a|  pacaaatac:  dust  concaatcation  ; b)  g 

^^■ccata  on  tha  iadlaldnal  taba  sactiona  for  ' • ((KBT:  1)  Tube 

langtb.}) 


li 


c«uiBs  negative. 

In  the  case  of  gcanalated  PTC  the  excess  charge  following  the 
vhlxliag  np  of  the  aaterial  at  the  beginning  of  the  tube  depends  on 
its  fineness.  Fine-grained  aaterial  is  easily  whirled  up  and  because 
of  its  high  surface  area  per  unit  of  weight  it  shows  high  excess 
charges  with  greatly  differing  polarity  CFigs.  5 and  6). 

Large-grained  aaterial  (Pigs.  7 and  8)  cannot  be  whirled  up  as 
easily  and  therefore  shows  snaller  excess  charges  and  no  change  in 
polarity.  The  largest  values  of  excess  charges  were  displayed  in  tube 
lengths  froa  10  to  50  cn. 

In  the  case  of  fine-grained  granulated  PTC  the  excess  charge 
changes  noticeably  even  with  tube  lengths  greater  than  1 n.  In 
contrast,  with  large-grained  granulated  PTC  froa  50  cn  on  change  can 

no  longer  be  deter nined. 

If  one  observes  the  charging  currents  independently  frow  the 
tube  length  then  a dependence  arises  on  dust  concentration,  in  Fig.  3 
the  charging  corves  show  that  for  every  flow  velocity  there  arises  a 
aaxinnn  at  a certain  dost  ccmcentration.  This  fact  was  also  shown 
daring  tests  with  20-cn  long  exciter  tubes  which  are  described  in 
[1]»  the  dost  concentration  which  produces  a aaxinun  of  the  charging 


Mg.  8.  specific  excess  charges  of  floeing  granulated  p?c  uith  a 
grain  sise  > l.o  as;  g « f(tube  length);  constant;  t « 22.5  n/s; 
tube;  ca,  34-as  diaaeter;  a)  paraaeter:  dust  coacentration  ; b)  q 
discrete  on  the  individual  tube  sections  for  Tube 

length.)) 
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e«Er«fet,  in  conblnatlon  aith  the  flow  vnlocity  seeas  to  aake  possible 
optlann  conditions  foe  charging  the  particles. 

lith  a high  flow  velocitj  this  charging  condition  of  the 
particlos*  i.e.«  the  charging  naxinttn*  is  achieved  even  with  lew  dust 
concentrations,  fith  decreasing  flow  velocity  the  charging  naxinuo  is 
shifted  toward  higher  dost  concentrations. 

The  shape  of  the  charging  carves  as  a function  of  the  flow 
velocity  depends  on  the  dust  concentration.  Pig.  4 shows  that  with 
snail  dost  concentrations  the  charging  enrrent  rises  sharply  only 
with  greater  flow  velocities:  with  increasing  dost  concentration  the 
sharp  charging  rise  begins  with  ssaller  flow  velocities,  only  if  a 
certain  dust  concentration  is  reached  is  it  recognisable  that  there 
is  also  a naxinon  of  the  specific  excess  charge.  It  occurs  at  a 
certain  flow  velocity  which  depends  on  the  dust  concentration.  Here 
also  the  charging  naxinnn  is  that  state  in  which  the  optiaoa  charging 
of  the  dost  particles  resnlts. 

The  obtained  test  resnlts  show  onanbignously  that  the  size  of 
the  specific  excess  charge  depends  on  the  wall  surface  and  the 
contact  possibility  of  the  particles*  Onder  the  assunption  of  equal 
dnst  concentration  and  flow  conditions  the  following  relationship  is 
valid  for  the  dependence  of  the  specific  excess  charge  on  the 


Q„  •xcMs  ckarg*  with  take  di«Mt«r  1 


•so«M  ckarge  witk  t«k«  di«Mt«r  2 
d|  t«b«  diaactat  1 
d,  toka  diaaatar  2. 

Tkia  liaaar  dapaadaaca,  kovaaar*  caanot  be  used  for  conveEsions 
fot  pcactical  sltaatloas  bacanaa  the  technical  flow  conditions  are 
different  with  diffacaat  tube  diaaetars. 

coKiosioas 

Considerable  electrostatic  charges  arise  in  pipelines  during  the 
pnenaatic  transport  of  loose  aaterial  only  if  there  is  frequent 
contact  of  tke  particles  with  the  wall  of  the  pipe. 

this  can  occar  when 

- the  loose  aaterials  are  fed  into  tke  paeusatic  systea  (input 
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pcimt) , 

- bmuda,  amglma,  braacli«s«  b«ffl«s  oc  amnaota  arm  built  into  the 
pip«liM  vklcb  iaecMs*  tk«  Crc^MBCf  of  coatact  of  tho  particles 
aitk  tho  pipo  aall* 

- tbo  plpa  liao  rough  aarfacoa  oa  tho  iaai4e  or  if  the  pieces  of 
pipo  aro  aot  prociaolf  fltt«;4  tofothor. 

in  atcalgkt  pipaa  oaly  laaigaificaat  electrostatic  charges 
occur* 

flae-graiaed  aateriala  becoae  aore  highly  charged  than 
coarao-graiaod  aateriala.  Thia  can  be  attributed  to  the  greater 
aarface  per  uait  of  veight  for  the  fine-grained  aaterials  and  their 
hotter  ability  to  fly.  Both  factors,  large  surface  area  and  good 
ability  to  fly,  eahaace  coatact  intensity  and  fregueacy. 

Onriag  paenaatic  traasport  of  loose  aaterial  there  arises  a 
chergiag  aasiaaa  at  a certain  duat  concentration  depending  on  the 
floe  velocity.  Through  appropriate  choice  of  dust  concentration  and 
floe  velocity  the  electrostatic  charges  can  be  ainiaised.  This, 
hooever,  regaires  testa  ia  the  techaical  Installations,  at  least  on 
aodela,  reap.#  laboratory  apparataa  vith  the  paraaetera  recosaended 
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•t  the  «nd  of  this  papoc* 

Tho  dopoadoaeo  of  tlio  cliarfiag  of  tko  looso  aatorials  on  the 
pipo  diaaotor  is  coasidocad  to  bo  liaoax.  this  fact,  however,  cannot 
bo  osod  for  coavoctiag  tho  oacoss  chargos  becanse  tho  flow  conditions 
• ■•ch  groatoc  offoct  oa  tho  contact  fiegoency  of  the  particles 
with  tho  wall  than  doos  tho  pipo  diasotor,  rosp.,  tho  size  of  the 
pipo  sail  sorfaoo. 

rho  largest  specific  excess  charges  oa  locse  naterials  arise 
after  the  whir ling  op  of  tho  satorials  in  pipes  with  lengths  of  from 
5-50  ca« 


It  is  possible  to  ssho  iaforeacos  about  the  electrostatic 
behavior  of  flooiag  looso  satorials  ia  techaical  installations  if, 

for  exasplo,  tho  laboratory  tests  are  coadectod  la  aa  apparatus  with 
the  foUooing  paraaeters: 


Ixcitor  tabs:  copper  tabs#  3t-ss  inside  diaaoter  aad  tube  piece 
lengths  S,  S,  10»  20,  50  and  50  cn; 

Plow  velocity:  11,  22,  33  aad  «0  n/s; 

hnoont  of  dost;  1.5,  3,  € and  9 cn*; 
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tia#s  1*5  TAg  vftlMs  obtained  with  tho  naned 

parnnotors  shonld  ba  appropriatalj  avalaatad  ae  follows: 

^ - f (pip#  laagth) 


q • C(w)v  casp.* 


q • t (««)  , rasp.  , » (««) 


This  awaluation  sakas  possibla  a sasaacy  of  the  electrostatic 
coaditions  to  ba  aspactad  doriaq  tha  pnauaatic  transport  of  loose 
notarial  throagh  pipaliaaa  in  tacbaical  installations. 
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